Background: Little is known about how patients and healthcare providers (HCPs) perceive the impact of asthmarelated exacerbations. This study examined the impact of asthma-related exacerbations on patients' lives from these different perspectives. Methods: Web-based surveys were administered to a US sample of adult patients with asthma, and HCPs. Participants reviewed six vignettes describing two hypothetical patients with asthma (25-year-old/single/unemployed/ no dependents; and 45-year-old/married/employed/two young children) experiencing mild, moderate, or severe exacerbations and rated the impact on eight measures: EuroQoL-5 Dimensions (mobility, self-care, usual activities, pain/ discomfort, and anxiety/depression), sleep, household costs, and medical costs. The proportions reporting impact for each measure were calculated for each vignette; and patient responses were compared with HCP responses. Results: 302 patients with asthma and 300 HCPs completed the survey. As exacerbation severity increased, a higher proportion of patients and HCPs reported impact of exacerbations on patients with asthma. Compared with HCPs, a greater proportion of patients reported problems with pain/discomfort related to mild and moderate exacerbations. Compared with patients, HCPs were more likely to indicate sleep impact, mobility problems, and financial burden across all exacerbation severity levels; self-care problems with moderate and severe exacerbations; and problems with usual activities and anxiety/depression for severe exacerbations. Conclusions: Understanding the distinctions between how patients and HCPs perceive the impact of exacerbations is important for optimizing patient care. HCPs may be less aware of patient's concerns about exacerbation-related pain/ discomfort. Studies are needed to further understand patient-HCP interactions regarding asthma-related exacerbations.
important component of establishing asthma control. In clinical practice, asthma-related exacerbations are recognized as 'episodes that are troublesome to patients and prompt a need for a change in treatment' and are identified clinically as being outside the normal range of day-to-day variation for an individual patient [2] . Exacerbations are generally classified as mild, moderate, or severe based on the patient's symptoms and other clinical factors, such as requirements for change in treatment or hospital admissions [2] . Definitions of asthma-related exacerbations have been put forward by the ATS/ERS Task Force, however, there are currently no established consensus guidelines to specifically define the severity of asthma-related exacerbations in clinical practice or for the optimal management of exacerbations according to severity [2] . The lack of clinical guidelines, which are recognized as a core component of optimal patient-centered care, presents a challenge for healthcare providers (HCPs) as it may limit their ability to treat their patients optimally and consistently. Further complicating the clinical challenges, HCPs and patients may not share an understanding of what constitutes a 'mild', 'moderate', or 'severe' exacerbation, nor how exacerbations impact patients' lives. For example, patients may not inform their HCPs of the full exacerbation-related impact that they experience, including the economic burden associated with asthma, which continues to be substantial in terms of both healthcare costs and work loss [10] .
This study used a vignette-based research design to examine the perceived impact of asthma-related exacerbations on patients with asthma, from the perspective of both the patients themselves and from HCPs, and the relationship between these perceptions.
Methods

Study design
This non-interventional study utilized internet-based cross-sectional surveys administered to two independent US cohorts: adult patients with asthma (patient cohort) and HCPs who treat patients with asthma (HCP cohort). Participant recruitment and pilot testing were conducted by Research Now (Dallas, TX, US), a global research service and online panel provider. The study was conducted using a multi-step approach. The first step was development of the initial vignette-based survey instrument, which was guided by online bulletin board focus groups consisting of 14 patients and 11 HCPs who were members of an opt-in online research panel (20/20 Research, Nashville, TN, US). The instrument was then pre-tested in a sample of 6 patients and 7 HCPs, followed by pilot testing of the revised instrument in a cohort of 30 patients and 30 HCPs prior to implementation of the full survey.
Participant population
Study participants were enrolled via email invitations that contained a link to cohort-specific internet-based surveys, which were conducted between May 25, 2017 and June 2, 2017. Prior to completing the survey, all participants completed cohort-specific screening questions to confirm eligibility. The invitation email included an Institutional Review Board (IRB)-approved informed consent statement, with participants providing consent by completing the survey. Participants in the patient cohort were required to be ≥18 years of age with a selfreported diagnosis of asthma. Participants in the HCP cohort were required to be HCPs who were currently treating patients with asthma, including primary care practitioners, allergists, pulmonologists, and nurses. An additional cohort of adults moderately to very involved in the informal care of patients diagnosed with asthma (caregiver cohort) was included in the development and administration of the survey (results not shown). To ensure the cohorts were representative of asthma distribution in the US population, enrollment targets included ≥60% female participation in the patient cohort and ≥ 60% primary care or family practice participants in the HCP cohort. After the targeted number of 300 surveys per cohort (patient and HCP) was reached, the survey website was closed. Patients received $5.50 in the form of 'e-rewards' and HCPs were paid $32.50 for their participation in the study.
Study measures Vignettes
Vignettes were developed using guidance from previously-published vignette-based analyses [11] [12] [13] [14] [15] and described two hypothetical patients: Patient A, "25year-old college student who is single, not employed, and has no dependents"; and Patient B, "45-year-old, married parent of two young children who also works full time". Study participants were presented with six vignettes describing the experience of a mild, moderate, or severe exacerbation for the hypothetical patients, in a randomized order (Additional file 1). Exacerbation definitions are provided in Additional file 2. For each vignette, participants rated the impact of the asthma exacerbation on the vignette patient on a scale of 1 (no problems/impact on sleep/financial burden/pain or discomfort, or not anxious or depressed) to 5 (unable to or extreme pain or discomfort/impact on sleep/financial burden, or extremely anxious or depressed) for the following measures: five health domains (mobility, self-care, usual activities, pain/discomfort, and anxiety/depression) derived from the 5-domain, 5-level QoL survey instrument developed by the EuroQol Group (EQ-5D-5 L) [16] ; sleep, using a single question derived from the COPD and Asthma Sleep Impact Scale (CASIS) [17] ; and economic burden (household and medical costs).
The terms 'problems', 'impact', and 'burden' are all used to describe the various issues that patients with asthma face; however, in this manuscript we have used the term 'impact' as a broad term to describe these issues as a whole, except when discussing a specific factor (e.g. economic burden).
Patient-reported measures
Patients self-reported their asthma history, comorbid conditions, exacerbation history and current asthma medication use, and completed several patient-reported outcomes (PROs) including the EQ-5D-5 L (including the EQ-Visual Analogue Scale [EQ-VAS]) [16] plus the Asthma Control Test (ACT) [18] . ACT results were categorized as poorly-controlled (score < 16), somewhat-controlled (score [16] [17] [18] [19] , or well-controlled (score > 19) . Patients also reported the impact of asthma on their sleep over the past 4 weeks using the CASIS, and occupational and interpersonal impairment due to asthma using the six-item Work Productivity and Activity Impairment (WPAI) Specific Health Problem instrument [19] . Patients were also asked whether they agreed with various belief statements regarding asthma exacerbations, including: all patients with asthma are at risk of developing an asthma attack; asthma attacks should be categorized by their severity (mild, moderate, and severe); asthma attacks have an impact on their lives; asthma attacks can have a varying impact on their lives, depending on their severity; asthma attacks have an impact on other people in their lives; and they worry about having an asthma attack. Patient demographic and sociodemographic characteristics were also collected.
HCP-reported measures
HCP demographics and practice characteristics were collected, including gender, specialty, years in practice, degree, practice setting, number of patients with asthma that were treated in the past year, severity of asthma across all patients treated in the past year, and number of patients treated for exacerbations in the prior month, by severity. HCPs were also asked if they agree with several belief statements regarding asthma exacerbations, including: all patients with asthma are at risk of developing an exacerbation; asthma exacerbations should be categorized by their severity (mild, moderate, and severe); asthma exacerbations have an impact on their patients' lives; asthma exacerbations can have a varying impact on their patients' lives, depending on their severity; and they believe their patients worry about having an asthma exacerbation.
Statistical analysis
All variables were analyzed descriptively using SAS statistical software package version 9.4 (SAS Institute Inc., Cary, NC, US). For each vignette, the proportions of participants reporting impact for the EQ-5D-5 L domains, sleep, and financial burden measures were calculated and compared between patients and HCPs using appropriate tests (e.g., t-test, chi-square test) based on the distribution of the measure. A p ≤0.05 was considered significant; p were not adjusted for multiplicity.
Results
Study population
Overall, 491 patients and 449 HCPs accessed their respective survey using the web link. Out of those, 113 patients and 87 HCPs initiated but did not complete the survey, and 76 patients and 62 HCPs did not meet the inclusion criteria and/or the sample size quotas were met; therefore, the final study sample consisted of 302 patients and 300 HCPs. The mean survey completion time was 16 min for patients and 20 min for HCPs.
Patient characteristics
Patient demographics and clinical characteristics are described in Table 1 . Patients had a mean (standard deviation [SD]) age of 48.2 (16.7) years, 61% were female and 77% were white. Over half (52%) had asthma for ≥20 years, the majority were currently prescribed a controller medication (77%) and/or a rescue medication (79%), and most had some form of health insurance coverage (94%). Patient characteristics as measured by PROs completed at study entry are presented in Table 2 . Regarding EQ-5D-5 L domains, patients were most likely to report pain/discomfort and anxiety/depression as problematic (54 and 47%, respectively), and 49% reported that their asthma impacted their sleep. The mean (SD) ACT score was 20.3 (4.3) and most patients' asthma was well-controlled (64%), with 16 and 21% reporting poor or somewhat controlled asthma, respectively. At the time of the survey, 57% of patients were employed, with a mean (SD) percent of overall work impairment (work time missed [absenteeism] and impairment while working [presenteeism] in the last 7 days) due to asthma of 13.1% (22.4) . Overall, 76% of patients had experienced an exacerbation, with 58, 29, and 13% experiencing a mild, moderate, or severe exacerbation in the past 12 months, respectively. Almost all patients agreed with the statement "I believe that it is helpful to categorize asthma attacks or flare-ups by their severity" (97%), and the majority agreed with the statement "I believe that asthma attacks or flare-ups have an impact on my life" (78%). In addition, half of patients (50%) agreed with the statement "I worry about having asthma attacks or flare-ups".
HCP characteristics
HCP characteristics are described in Table 3 . Over half (56%) were male, 45% had practiced for > 20 years and the majority were specialized in primary care, general internal medicine, or family practice (80%). In the 12 months prior to the study, a mean of 307 patients with asthma were treated by the HCPs; of these, 52, 34, and 14% had mild, moderate, or severe asthma, respectively. Overall, 75% of HCPs categorized exacerbations by their severity (mild, moderate, severe) and reported treating a mean of 17 patients for an exacerbation in the previous month (50% mild, 37% moderate, and 12% severe exacerbations). Almost all HCPs agreed with the belief statements (≥91%).
Vignette outcomes
The proportion of patients reporting impact for the eight burden domains (EQ-5D-5 L domains, sleep impact and financial burden) increased with increasing severity of exacerbations. Significantly more patients than HCPs indicated problems with pain/discomfort for the vignettes of the 25-year-old patient experiencing a mild exacerbation (70% vs 58%, p = 0.003; Fig. 1 ) and for the vignettes of the 45-year-old patient experiencing a moderate exacerbation (84% vs 77%, p = 0.031; Fig. 2 ). Significantly more HCPs than patients indicated that exacerbations impacted sleep for both the vignettes of the 25-year-old and 45-year-old patients experiencing mild (25-year-old: 78% vs 63%, p < 0.001; 45-year-old: 81% vs 71%, p = 0.004) or moderate exacerbations (25-year-old: 90% vs 79%, p < 0.001; 45-year-old: 92% vs 82%, p < 0.001) ( Figs. 1 and 2) . Compared with patients, a greater proportion of HCPs indicated an impact on mobility and economic burden (medical and household) for the vignettes of the 45-year-old patient experiencing mild or moderate exacerbations, as well as issues with mobility and self-care for the vignettes of the 25-year-old patient experiencing a moderate exacerbation ( Figs. 1 and 2) . For both severe exacerbation vignettes, HCPs were more likely to report impact on mobility, self-care, usual activities, sleep, and medical costs compared with patients ( Fig. 3) . Issues with anxiety/depression and household costs were also more likely to be identified by HCPs in the vignettes of the 45-year-old patient compared with patients.
Discussion
This study examined the perceived impact of asthma exacerbations from the perspectives of a US sample of patients with asthma and HCPs who treat patients with asthma. In our study, despite the lack of agreed standards for defining exacerbations or their severity, there were some commonly held views among patients and HCPs. Both agreed that there is an and usual activities by HCPs. There was also a strong consensus among patients and HCPs that it is helpful to categorize asthma exacerbations by their severity, and a strongly shared belief that asthma attacks can have varying impact on patients' lives, depending on the severity of the exacerbation.
Shared decision-making between patients and HCPs is recommended by the Global Initiative for Asthma (GINA 2018) treatment guidelines to improve symptom control; however, differences in perspectives between patients and HCPs are common and may contribute to poorer outcomes in patients with asthma [3, 20] . In this study, several key differences in perceived impact of the EQ-5D-5 L, sleep and financial burden measures were identified between patients with asthma and HCPs, with HCPs tending to perceive exacerbations as more burdensome compared with the patients' perceptions. Recent studies outside the US have also demonstrated that discordance exists between patients with asthma and HCPs regarding perceptions of control, and the impact of asthma on the daily lives of patients [20] [21] [22] . In this study, HCPs were overall aware of the impact of exacerbations on patients beyond the impact on lung function; however, patients were more likely to indicate problems with pain/discomfort compared with HCPs, particularly for mild and moderate exacerbations. This is consistent with previous findings which demonstrated that pain/discomfort was the most common patient-reported problem on the EQ-5D [23] , suggesting that, despite the array of published studies on the impact of asthma on patients' HRQoL, many HCPs remain unaware that patients experience considerable pain and discomfort related to asthma. These findings highlight a need for increased awareness and education of HCPs on the impact of asthma exacerbations, particularly in terms of patient perceived pain and discomfort. Potential reasons for the differences observed between patient and HCP perceptions may include miscommunication, patients downplaying symptoms, or patients not reporting all exacerbations (particularly mild or moderate) to their HCPs. As such, patients may have a more holistic view of the burden attributed to exacerbations, whereas HCPs are likely only aware of the events for which patients have sought treatment. Both groups agree on the substantial impact of severe exacerbations; however, this study has highlighted that it is important for patients who are experiencing mild, and particularly moderate, exacerbations to see their physicians so that exacerbation episodes can be effectively managed before they become more severe and so the impact of their current exacerbation and risk of future exacerbations are minimized.
One factor which may contribute to the gaps in communication between patients and HCPs is the lack of clearly defined levels of severity for asthma-related exacerbations in clinical practice. Exacerbations are currently defined based on healthcare utilization and not patient experience, and the lack of ability to link healthcare utilization to patient experience presents a specific challenge. This study used its own definition for asthma-related exacerbations, operationalizing a picture of what a mild, moderate, or severe exacerbation looked like using healthcare use as the marker of severity. Both patients and HCPs agreed that categorizing exacerbations by severity was helpful as they can have varying impacts (health-related and economic) on the patients' lives according to severity. This highlights a need for a clear definition of asthma-related exacerbations rooted in patient experience in clinical practice and which considers patient-reported experiences such as HRQoL and impact on work.
Limitations of this study included those typically associated with survey-based studies. The study relied upon self-reported diagnoses of asthma, which were not confirmed by medical record review. In addition, participants were members of opt-in online panels who participated in survey research, so may not be fully representative of all patients with asthma or all HCPs who treat patients with asthma. The patient sample in this study appears to be more representative of patients with mild asthma and was more closely matched in terms of age to Patient B than Patient A; these factors may have impacted the vignette responses. Similarly, 24% of responding patients reported never having experienced an exacerbation; however, 91% of patients who completed the vignette exercise also indicated that they were familiar with the term and need to categorize exacerbations by severity (97%) and were therefore likely to understand the potential impact of these exacerbations. Furthermore, the population of HCPs who participated were largely family/primary care practitioners and therefore may not be representative of asthma care by respiratory specialists. Finally, this study did not adjust for multiplicity and multiple comparisons could increase the likelihood of statistically significant results; however, as this was a descriptive, hypothesis-generating study, this was not considered necessary for the intended analysis.
Conclusion
Asthma-related exacerbations can have a significant impact on patients' lives; however, the perceived impact of these exacerbations differs between patients and HCPs and this may contribute to suboptimal clinical outcomes. Across all exacerbation severity levels, HCPs perceived a higher degree of impact than patients; however, they may be less aware of their patients' concerns regarding pain and discomfort when experiencing mild or moderate exacerbations. This study highlights a need for a 
